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, REPORT·OF TEE NORTH SEA. FLATFISH vlORKING GROUP

1. INTRODUCTION

•

Following arequest made at the 1969 Council Meeting in Dublin9

the Working Group on Assessment of Demersal Species in the Uorth Sen.

,ms divided into a North Sea Roundfish 1'1orking Group and a North Sea

Flatfish \vorking Group.

1.1 Participants

Gorman Federa1 Repub1ic

Secretar.19 Liaison Committoe.

J. F. dc Veen

R. De Clerck

M. J. Holden

H. Knudson

F. Lamp

J. 1-'1011er Christensen

The North Sea Flatfish vTorking Group met in Copenhagen

from 15 June to 19 June 1970 'torith the following members participating:-

Hethcrlallds (Convcnor)

Bolgium

United Kingdom

Donmark

1.2 Terms of Reference

Tbc principa1 tanks of the \vorldng Group were to assess f'urthcr

tho state of tho solo stock in the North Sea follOi'ling 0. rapid in

croaso in tho laot yoars in thc total fishing offort, und to considor

thc situation in thc plaicc fishcrics ,-Tith a ViOH to '[;ho effoct of

discarding fish at soa. Tho v!orking Group agrced to consider the

solo fisheries first, and to pootponc an asscssment of the plnico

fishories for unother meeting. It ,ms also agreed to troat thc solo

fisherios as 0. unit stock.

1. 3 Referenco to Provious "!orld;,I)ß Groups

Tho situation in thc solo stocks has boon assessed beforo.

The LitdaoL. Cormnittt:le Roport 1963 and tho Rcport of tho 110rldlllj Group

on Assessmant of Domersn1 Specias in thc lTorth Sea 1969 ljivo rosults

of asscssments cf thc solo fishorios in prior poriods.

1.4 Definition of Objectives

Tbe objectives of thc presont v!orJrJ.ng Group ,,,ero the folloulllg:-

a) to bring information on tO'~nl lundint,"S and offon
up to dato;

b) to assoss morta1ity ratos by mouns of tho virtual
population rolalysis;

c) to mako an assossmont of tho prosont situation in
tho solo stock ,·rith particular rofcrenco to thc
offocts both of ChrolgoS in fishing cffort und in
mosh-sizo. Ta this ond thc availablo information
on tho natural mortality !:ato und tho g.l.'outh
pr~ameters Should bo rcconsidorod.
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2. LLllIDINGS

2.1 To.blo 1 Sh01"S tho landings from 1960 to 1969. Thc figurcs aro

mo.in1y dcrivcd from no.tiono.l sto.tistics and represent the landed woight of

guttod fish. They o.r0 9 thoreforc, not in comp1ctc accord...'l.!lce lTith the

nominal catch do.to. given in the Report of the Horking Group on .L'...ssossment

of Dcmerso.l Spocics in the North Sea which deo.lt with the fluctuationa

of co.tches from 1906 to 1966.

•

2.2 After a dec1ine to o.bout 11 000 tons in 19649 vlhich wo.s mo.inly

co.used by the cold winter in 19639 the total co.tch rose to 32 000 tons

in 1967 which is tho highost figure ovor recorded. Sinco thon thore

has bean a slight decreo.se to 27 500 tons, in 19699 but still the sole

co.tches in the North SeG. are o.t 0. higher level than previously. Tho

fonner good period waa from 1960 to 19639 when a mrodmum yiold of

26 000 tons was obtained in 19629 duo mo.i.nly to the influonce of' tho

very largo yeo.r-clo.ss of 1958.

2.3 Tho recent high totnJ. co.tch figure is mdnly due to tvlo fo.ctors:

a) recruitment of tho very strong yeo.r-class of 1963 to
tho fishory9 Md

b) the increnso in the size of the Dutch fleet Md the
development of' the Dutch beom trmvl fish:ary.

Since 1965 thc 1963 yoar-c1nss has constitutcd 0. considorable

proportion of thc catches, 66';d in 1965, 83% in 1966, 6W~ in 1967, tj.lr; in

1968 o.nd 24% in 1969. These percentc.goo o.re bo.sed on the numbors of

fish of the 1963 yeo.r-class in tho catchesj on a lTOight basis, thio

yeo.r-class constituted more tbk'l.!l one-tllird of the toto.l catch ~i 1969.
Betueen 1966 o.nd 1969 Dutch lamlingo incrensed by abOl"t 757~ ood

in recent yeo.rs they havo fonned noo.r1y 80ß of the total inte~"110.tionoJ.

landings 9 comparod with 58?~ in the period 1960 to 1962. Ovor the SCIlle

period landings by other countries have decreo.sed, oxcept for these by

Belgium which hnvo remo.ined o.t about tho SDlIle level.

3. EFFORT

3.1 Index of International Effort

Tbo provious Working Group found i t difficult to obtain a good

index or ofTort in the solo fishorios. As they had to give a hiotorico.l

review over a 10ng period9 tho effort of English trmrlors 1ms chosen

boco.use this providod tho most centil'lUouS record9 o.lthough the Dnglioh

fishery was not primarily for solos. After 19639 hOvlOvor9 English

trawlers fished mainly for plaice and cod and this, combinod 1vi.th

changolJ in tho size of tra1110rs of the fleet, mo.do them an unrelio.blo

index of fishing effort.
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'\rJhen restricting the number of years under reviovT to the post.\·ro,r

period, the Duteh otter trm'1ler fleet provides onother eontinuous reeord.

wbieh runs to the present. Tbe index is not ideal beeause thc Duteh

fleet originoJ.ly fishcd mai.nly for plaice ond did not concentrate on soles

until 1952-1953; MSO there have been inereases in the efficiency of ..

Duteh otter trawlers. HOioTever, it "ms oonsidercd that tbis fleet pro

vided the most reliable index of fishing effort.

Following 1962, the benm. trmTl 'Has introdueed in the Duteh sole

fisheries, beoause it is more effioient, but it co.nnot be used as a

stondnrd, beeo.use i ts effieiency has oonstontly inereased.

In thc Dutoh statisties no sepo.ro.tion has been madc be~'Teen oither

londings or effort by otter trmvlers end by beo.tr tro.ulers. In order to

get on esti.ma.te of total effort in terms of Duteh otter trmTler units all

fishing effort was oonvcrted ucing cstimates of the percento.go of boD.m

trawlers in the Duteh fleet ond of the relative efficienoy of the beo.m

trawl, in the followir~ \vay:-

'.

0. =

b =
o =

d =

e =

f =

g =

total hours I fishing by all Du~eh tro.vTlers;

pereentngc of hours I fishing by Dutch beo.ro tro.ulers;

0. X b = hours I fishing by Dutoh benm tra\-Tlers;

enteh rate cf beam trawlers ( . ..')
t h t f tt t 1

these ro.t~os are g:Lven ~ Table 2oa e ra e 0 0 er rau ers

C x d = effeotivc hours I fishirlg by Dutch beom tro.\vlers
in otter tro.wler units;

a - 0 + e = bours l fishing in Dutoh otter trawler units;

Dut h t 1 t
_ Dutch lan1 s of soles in gutted lTcight

e 00. C 1 ro. e - )o.-c+e

Toto.l internationoJ. fishing effort in terms of Dutch otter trm'Tler
units =

Total international ontoh in gutted lTCig!lt
g

3.2 Effort·in the Period 1947-1969

Toto.l intornationaJ. fishing effort i11 terms of Dutch otter tro.uler

units .is given in Table 3. Tbe do.to. for total inter.r:mtion..1J. effort bo.sed

on English motor trawler units are given in Table 4 ond sete cf thaE;\:t

do.to. ara plotted for oompo.rison in Figure 1.

In general, both ourves sho", the snme trend. After the end cf the

\..rD.r toto.l effort inerea.sod, o.t first slo"Tly, but sinoe 1958 more rapidly.

Thefastest inoreo.se took plaoe after 1963, but the figurcs suggest that

the totaJ. effort has levelled off in the lo.st three yeo.rs.
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4. MORTALITY ESTINATF..8

4.1 Previous Horla1ity Estimates

4.1.1. Total mortalig rate

The vlorking Group on Soles '\-,hieh met in 1962 (rOES, 1965)

estimated from an analysis of tngging data thn.t the total mortality rate

was o. G. This value 'tms roueh higher thnn that obtained by c.n analysis

of age data made by Boerema, Gullend nnd Zijlstra (1963), who obto.ined

values of Z ra.nging from 0.21 to 0.35. They suggested that shedd.i.nc'

of tags was responsiblc for thc diserepeney bet't1een thc t"To estimates,

but data presented by rl"011er Christenscn (1964) agreed 'tvith tho carlier

estimates.

At the 1968 meeting of the Worl~ Group on the Assessment of

Demersal Speeies in the North Sea (rOES, 1969) a value of Z = 0.6 1TaO

used, estioated from Dutuh end Danish age-eompoaition datu, using

comparison of catch-per-uni-l effort of the same year-class in suecessivc

years.

4.1.2. Natural mortality rate

Boerem...'1., Gu11end and Zijlstra (1963), in the absence of othor

data from which to estimate the natural morta1ity rate, used n mothod

based on the length distributions of landed fish und the smal1 cmount

of fishing during the period 1939-1945. Using this mothod they derived

0. meen estimate of 11 = 0.08. As SOIDe fishi.ng took pla.ce during thio

period, they sug'gested that 11 uas like1y to be Imrer thc.n this,

probably a.bout 0.06 nnd made o.ssessments based on vo.lues of :H = 0.035,

0.010 c.nd 0.105.

At the meeting of the Horking Group on AssesslJlont of DomersnJ.

Species in the Irorth Sea in 1968 (rOES, 1969) no additiono.l data on

natural oortality 'tvere aV"....ilab10 end assessments wore mado basod on

1-1 = 0.035 and 11 = 0.105, it being sugeested that the lower value 't'laS

the more probable.

4.2 Re-Assessment of Mortality Rates

4.2.1. Total mortality rate

The total mortality ruto '\-TC.S ostitlated using t'tTO methods:-

(a) Oomparison uf catch-por-unit effort of tho same
ycar-class in succcssive yoars;

(b) Tho virtual population analyois.

11ethod (a) "TaS used for both the Dutch ond English data, the results

boing shmm in Tablos 5 and 6. As can be seen from the Tables estimates

of Z obto.ined when usirlß this oethod are very variable. Thcrc are

severu1 reasons for this:-

(i) tho availability of soles varies from year to year,
n..'"ld is markedly nffected by cold' ''linters;
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(ii) the estimntes depend upon the assumptions made in
assessing effort (see ,.1);

(iii) the size of year-classes vnries widely and estimntes of
Z for smo.ll yea.r-clo.sses "Till be subject to largo
erroro arising from somp15"..g c.nd mistokes in o.geing
older fish.

Esti.Ino.tes of Z "TOre also ma.de using the method of virtunl

population analysis, whichis based on the total numbers of fish londed

of eo.ch o.ge group. Age-compo>Jitiou datn. were available fo1. EnglDJ.ld from

1950, the Netherlands from 1957 ond for Dc:nrmrk from 1959.

The average o.ge of soles In.nded by Englo.nd is higher thon tho.t

for other countries, so the English data for 1950-1956 could not be

used directly to estion.te the toto.llondings of oo.ch C1,ße group. To

estimate the landings by other countrics, thc English nßO conposition

was corrected for oo.ch aeo group by the following factor:

Number of soles of u
Number of soles of age crroup

(x) = agc of fish

landed b Dutch in 1957
landed by II:ng1and in 1957

•

For the period 1957-1958 the Dutch age do.ta were to.1cen o.s

rcpresento.tive of 0.11 na.tions other thnn England, and for 1959 and

subsequent years the Netherlands and Da.nish trmr1 d..'l.to.j Danish ß'ill

net dato. were incorporatcd sepo.rntcly. Tbc total o.ge-ooIDIooition data

are given in Table 7. Using these data an analysis "ms tl:lde using a

value of M = 0.15. Initial estimo.tes of E were obtained from ostiuates

of Z for the oldeat D.ß'e groups usinß' Dethod (a). Results are giVOll

in Table 8•

'4.2.2. Tbe natural morto.lity rate (H)

Estimntes of M were ~'l.de from the recrreasion of Z upon total

international effort, using both tho estimntes of international effort

in tenns of Dutch otter trawler unitn o.nd English motor trmTler units

ond the estino.tes of Z based on the o.ppropriate national dato.o (Tbo

do.ta givon in To.bles 5 ond 6 were not used directly but &~ouped 0.0

neoessn.ryj for the Dutch dato. mean values of Z "Tero tcken fron 5/4+

up to 1963/62 ond fron 4/3+ frOD 1964/63 omm.rd.s). The Dutch do.ta

gave an estin..'1.to of 11 = 0.41 ± 0.18 nnd the E:n.ßlish dnta on estin..'l.te

of M = 0.36 ± 0.11. However 9 tho slope of the regression for the

Eng1ish do.ta "Ins negative ond tho ostinato of 11 is therefore unrelinble.

Fron Figure 2 it ic seen tha.t tho high estinate of 1-1 obtained fron "1:;ho

Dutah data. ic' dependent upon tho va.1uo of Z ostioa.ted fron the

nost rocent yea.rs' da.ta. ond tho.t these estioo.teo are louer thon "oulLl

be cxpected. Elioination of thooe three points "ould result in ß

negative eotina.te of H.

As baD nlready beon ota.ted in Section 3.1 English motor trmTler

units are not a. reliable index of fishi.ng effort in recent ycars. It

is possible too tha.t the effioienoy of thc Dutch bOOLl trmTl haB beeIl
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underestimated which would increase the estimates of both Z and

international fishing effort in Dutch otter trawler units. If this

vere so it would move the points opvTards ond to the right, aligning

them ,'1ith previous points. The virtual population analysis sho'lTS

tho.t Z is increasing vTith time (Table 8), ,-[hereo.s the data in

Figure 2 indicate that it is decreo.sing uith time. This suggests

that the efficiency of the Dutch becrn trmrlers relative to otter

trm-Tlcrs ho.s been undcrestimated, but the Horleing Group had in

cufficient time to investigate this point further. On thc other hand,

chonges in a.va.ilability (q) may have occurrod in recent years; the

Dutch aro n01'1 also fishine hard, rocky ground, "Thich earlier they

did not, end the availability on these grounds may be 10iTer than on

those uith sandy or muddy bottom•

Thc virtua.l :population analysis gives an estimate of the

population of oach year-claso at oach neo. For the 1949 and subse

quent yoar-classos estimo.too of 3-year-old soles were available but

for oarlier years the youngeot age group included in the calculo.tions

became progrcssively older. H01-rever, by o.sauming that the average

fishing mortality rate over tho first four yoa.rs for 1'l'11ich data are

avo.ilable (1951-1954) -\'Tas similar to tho.t in earlier years it -is

possiblo to estimo.te the number of 3-year-old soles in eo.ch yeo.r

class. If i t is also a.sSUI!lod thc.t thore ho.o boen no change in thc

upper nnd lower limits of the oizco of yeo.r-claoscs for those yco.rs

for uhich it is possible to mako these estimo.tcs (1931-1966) thcn

the bost estimate _of M io tImt vThich i'Till give estimates of thc

size of tho 1931-19~8 year-classos as 3-year-olds iuthin thc snme

range o.s the size of thc 1949-1966 yoar-classes.

In thc virtuo.l population analysis decreasing estim...'l.tos of 11

rosult in docreasing estimatos of the population at 0. given age so

that increasing va.lues of 1I have to be used to bring the eotimnteD

of 3-yoar-old solos for thu yeo.r-classes 1931-1948 to the SQIDe order

as those for the yoar-claoses 1949-1966. For c:mmple, for the

1937 yeo.r-class tho relative size of tho estinated populations aa

14-yeo.r-olds is 71.2 for M = 0.35, 49.2 for M = 0.30 and 34.0 for.

11 = 0.25. .As F ''1ould be the same for each of theae populations

over the age-range 3-14 years, thon the 1m-rost value of H required

to bring the population to 0. givon size as 3-yeo.r-olds lTOuld be

tha.t applicable to the l'U'gest population 0.0 14-yeo.r-olds. lInalyseo

iTOre made for several values of 1-1, the reoults of "mich indicated

tImt M ,ms of tho order of 0.10 to 0.15. The estimates of population

sizes as 3-yeo.r-old fioh for theoe tim values of Mare given in

Table 10 nnd thcy indicate tha.t the JOifer value is tho mora probable.

'Ihis valuo of U tokec into account the effect of cold "linters

occurring at tho froquency in the period covered by the da.ta..
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These estimates are higher than those used by previous 'lOrlcing

groups end the rco.sons for this '\fOre considcred. Boerema~ Gul1c.nd

end Zijlstro. l s method o.ssumes that tho yenr-classes fron 1931-1942

"Tere of oqual size. The virtual populo.tion analysis shm-Ts that

those of 1941 end 1942 were much smaller than those of 1931-1940.

This would reduce the numbers of smo.11 solos re1o.tive to older

fish nnd lead to an underestimate of U by their method. A1GO the

,linters of 1940-1941 "TOre severe end i t is lmmm that cold "Tinters

cause increased mortality amongst soles. Young solos are norst

affected because they are closest inshore. Thc effect of this "Tould

be to roduce the relative size of the 1941 and 1942 year-c1asses

still further rmd incroase the underestimation of:N. Also ~ if H is

of the order "Thich they estimated a higher proportion of old solos

should be found in the lundings thon actually occurs (sec Table 1).

The present method used in estimating 11 assumed that there hao

been 1ittl0 or no change in recruitment over tho last 33 years. lt

is possible though that theso values of M are undercstiDk~tes mld

that recruitmcnt "ms higher in the poriod 1932-1941 ~ ßIld has su.bse

quently fallen as thc stock sizo has decrcasod. 1I0't'Tover~ thc catch

rate data for thc period 1932-1938 (lCES~ 1969, Figu.:t'e 8) ohoi'T timt

tho abulldunce of solos was about ~ or slight1y bolm", tho level for

the poriod 1948-1955, although the comparison is not strn.iehtfo~"'\·Tart1.,

bocu;~se cn.tches in the post-ucx period "TOre light due to tho rocl1.1etion

of fiohing durincr the '\"ar und the effect of tho loxgc yoar-class

of 1941. Also, if higher values of 11 nre assumed, tho ootimatoo

of tho nu~ber of 3-yoar~01ds docline rapidly as the number of

years for which the back-calculation has been made decroases. As

tho main effocts of tho Dutch fishery on soles "TOre not cxpericncod

until after 1952, no rcduction in recruitment, due to fishing~ Oh01Ud

have been cxpericnced until about 1955. lt is thorefore concluded

thn.t thc assumption about yee.r-clasG oizoo is justifiod mld that tho

figarcs in Table 10 represont good cstinnteo of tho rolative sizo

of year-classeo.

5. ASSESSl1EHTS

5.1 Effort Assessmonts

5.1.1. Previous assessments

The 1l0rkiIlß' Group on Assesmnent of Dom.oro8.1 Spaoies in the

North Sea (lCES, 1969) made an effort o.Of.lOssmen'l; and constructod

yicld curves on the basis of the Boverton &Holt constc.nt parOLletor

nodel. Yi191d por rocruit nnd cntch-por-unit offort against tho

fishine morta1ity rate were co.lculated using tho fol10wing parnmotors :

1-1 t' t r t c tma.x IC T
J..no0

0.035 -0.16 yr l.5yr 2.5 yr co 0.26 39.2 cm

0.105 I
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The gro't'lth parameters for the sexes combined 't-rere deriveo.

from Dnnish ond Dutch d.o.ta for the second quarter in the years

1960-1964.

It was fO'U.Tld that a reduction in effort 't'Tould result in 0.

thooretical increase in the yield per recruit &ld the catch-per-unit

effort. Hm.,ever~ it was feIt tha.t in practice this increase 't'!ould

be 10ller than expected ovling to the adverso influence of cold

't1Lrlters. (The estinate of 11 used by the previous Horking Group did

not lllclude natural morto.lity duc to cold winters.) These winters~

occurring' on avera.ge every 5-8 years ~ 't'TOuld partly eliminate the

increo.se in stock abund&lce by increasing both natural mortality

end fishing mortality.

5.1.2. Present effort assessment

The Flatfish Working Group co.rried out 0. now effort assoss

mant? using the natural mortality rate arrived at in Section 4.2.2.

&ld up-to-do.te grov~h-parametervalues dorived from Danish data

for tho 2nd quarter of tho years 1964-1969. Thesa data. agree uith

the Dutch data for the corresponding period.

Yield curves on the basis of the Bevarton &Holt constont

p~neter model were constructed for males end femo.les sepa.rately

end combined o.fterwards.

r-1 ! t o

The following parameter vo.lues ware used:-

t r t c t llk'1.::C K Im

1Io.les 0.10~ -0·4 yr 1.5yr 2.5yr 22 yr 0.35 344.50.15 g

Fanales 0.10~ -0.4 yr 1.5yr I 2.5yr 30 yr 0.27 829.7 g• 0.15 ..

Tha yiold per recruit ond the catch-par-unit affort curvos are

givcn in Figuren 3 and 4.
Reducing effort by 50 per cent from itn presont level cf F = 0.6

"dll llk'1.."'d.mise yield per recruit 9 irrespective of the true valuc of

N uithin the range 0.10 to 0.15 ru..thOU@l actunl go.:inn in both total

yield o.nd catch raten lTill be groa-ter the Im-ror the true va.lue of H.

These conclusions agree 'tvith those of the fo:r:mor '\'.Torking Graul'

(IC:ßS~ 1969). Furthor increases in total effort uill dofinitely

lead to 0. decrcase in the total yield as 'l:mll 0.0 in the co.tch-pcr-

unit effort. J.foreovor i t is possible tha.t a further increa.se in

cffort llill oventuo.lly lead to the situation in uhich tho stock is

reducod to such a level thnt recruitment uill be a.rfocted in a.

negative sense (Section 6).

5.2 1'[08h Assessments

5.2.1. Provious assesrments

Results of nesh o.ssessncnts 't'lOre pub1ishod in both thc Liaison

ComDittoo Roport 1963 ond in the Report of the llorking Group on

hssessmont of Demerso.l Species in the North 8ea (lCES, 1969). rnle
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Uorking Group on 1I.ssessment of Demersal Specics in the 1iI'orth Se:1,

using the mothod of Gullond (1961), found that immediate losses

would be largo even for smo.ll increases in mesh-sizo. Long-tero

go.ins could be expected, although the nagnitucle of these dependod

on the va.lue of M assumed, being Immr at 1·1 = O.lO)than at 11 = 0.035.

5.2.2. Present mesh assessments

Tho North Sen. Flatfish Horking Group re-assessed the effect

of changes in mesh-size using the parruoeter values mentioned in

Soction 5.1.2 and constructed a curve for the yield per recruit

agninst mesh-size on the basis of thc Beverton &Holt eonstant parc~otor

modcl. 11. selectionfactor of 3.3 was used, thc SruDC as that used by

thc fomer vlorking Group. At present a mesh-size of 75 tJID. polypropylol1c

(= cffcctive mesh-sizc of 80 Dm, manila) ean bc assumed. The rcsulting

yield curve is plotted in Figure 5 and denonstrates that sma.ll long

term goins can be expccted up to 95 Dm. This is in agrcement ,·Tith

thc rcsults of the forner \vorking Group for the higher of thc tuo

cstimo.tes of M which it used.

6. STOCK AND RECRUITNEINT

Eotimates of the sizc of reecnt year-elassos (1959-62,
1964-66, Table 10) show that average roeruitment has fallon eonpo.rod

lTith the period 1948-57. Howover, the data for earlier yeo.rs (1943- /1-4)
shOlT that fluctuo.tions in rocruitDcnt oecurred nt tioes at '<Thieh

fisl1i.ng eould ho.vo had littlo effcct on tho sizc of the stock.

Fishing has nOlT redueod thc stock sizc, as indieatod in

Figuro 4, to a low level and the Uorking' Group eonsidercd that thora

is a serious possibility of roeruitment bcing affectod at tho proBent

lovel of effort nnd still more so if this level is increasod by

other eountrios switehing to boom trmTling.

Tbe Vlorking Group did not havc suffieient timo to investigate

this problem further, but i t reeoI:JIJ.cl1ded that i t should re-couveno

at 0. smtable time in 1971, when additiona.l dc,to. lviII bo availablo ~

to study thc stock and recruitnent rolationship furthor.

7. SUMrlfARY

Thc mn.in eonelusionn roo.ched by tho 'Horking Group o.ro:-

a) that fishing offort has alnost quadruplod ovor tho

last six yoars, mainly duo to increasos both in sizo

nnd efficioncy ef tho Duteh fleot;

b) that at this level of effert the yield por recruit

is beyond the a'lXil:run;

e) that furthor increases in effort 'tTill reduce thc total

suotainablo yiold still further; nnd
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d) that the adverse effects of further increuses III

effort could be much Dore scvcre if recruiwent to

thc stock is bcing reduccd•
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Tab1e 2. RaUos of the catch-rate of Dutch beam trawlers over
the catch rate of Dutch otter trawlers by years.

Table 1. Landing of soles from the North Sea 1960 - 1969 in
1 000 tons (gutted weight).

--,
I
!

I

3.44

2.22

1.84

1.84

1.95

Ratio

- 11 -

I
IYea.r
I

1

1962

1
1963

I

1964

1965

1966

1967

_; I :~~O

x) this ratio has been extrapolated
from the preceding ratios.

I I I I
,

Iar Belgium Denmark France Germany Holland I England Total
I I

60 3.8 1.7 0.4 1.6 I 9.3 1.3 I 18.1,

I
I

61 3.3 2.1 0.7 1.9 i 13.5 1.4 22.9I

I
62 3.7 2.4 0.3 1.8 I 16.3 1.5 26.0I

I

63 7.2 0.3 0.2 0.6 I 13.6 3.0 24.9

64 0.8 0.5 0.3 0.3
,

8.3 0.7 10.9I

65 1.3 0.6 0.6 0.3 I 13.0 0.6 16.4
;
I

66 3·2 0.5 0.4 1.0 25.2 0.8 31.1

67 4.0 1.5 0.4 1.0 24.2 0.9 32.0

68 3.5 22.6
I

29.91.5 0.3 1.0 i 1.0

I
I

0.3x)
I

69 2.5 0.8 I 0.7 22.0 I 0.9 J 27.2,

w T

"4,. .. IYe

• 19

19

19

19

19

19

19

19

19

i 19

x) estimated.
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Table 3. Total international fishing effort in terms of Dutch
otter trawleFunits for the period 1946 - 1969.

Total effort i [ Total eff~rt-l... Year -2
I

!Year -2
hours x 10 hours x 10 I

~.

I-
1946 9 116 11958 I 11 0451

•

1

1941 8 444
1
1959 ! 12 309I

I

1948 1 867 1960 I 13 175

1949 6 401 1961

I
13 175

1950 8 053
1

1962 15 561

11 691 1963
I 18 6851951 I

1952 11 476 1964 I 16 513

1965
I

1953 12 299
I

18 753

• 1954 12 414 1966 24 159
I

1955 12 456 1967 I 45 352

1956 10 506

1

1968 I 49 415

I 1957 10 364 1969 I 46 689x)
J IL-..:___ .__._. -----."

x) the total landings for 1969 were
estimated by assuming the French
landingsto amount to 300 tons.

Table 4. Total international fishing effort in terms of English
motor trawler units for the period 1947 - 1968.

I Tot~T-effortl

~I
---·---------1

I Total effort
Year I 2' -2

hours x 10- ! hours x 10
-------1-----_·_------- ----_.

1941 I 21 158 1958 56 649

1948 I 29 311 1959 64 425
I

1949 44 149 1960 81 737

1950 48 508 1961 96 255

1951 61 178 1962 90 474

1952 65 628 1963 52 191

1953 49 012 1964 95 958

1954 36 489 1965 125 776

1955 41 920

J
1966 208 641

1956 43 281 1967 182 389

1951 55 443 1968 171 033
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Tab'e 5. Horth Sea Sole •. Dutch data. Estimates of Z from number in each age group per unit eifort Cd' + ~).

I

....
VI

----

-Q.19

0.95

0.72

0.67

0.32

0.83

0.46

0038

0.56

0.31

0.16

~_0_•....::.4~

0.16

0.21

0.12

1.11

-1.13

0.19

0.69

1.83

0.43

0.46

0.25

-0.89

0.92

2.56

1.58

-1.61

0.69
-~.--'-

Year 1958/57 I, 1959/58 i 1960/59 i 1961/60 I 1962/61 11963/62 1964/6311965/64 I' 1966/65 I 1967/66 1968/67 1969/68
Age.e__-:- -L1 -+ --1I --J -+I -+- -+-!---TI---+' -+- -+ {

~: ::::: I ::::: ::::: I ::::: -:::: 1

1

::::~ -::::' -:::: -:::: I -:::~
5/4 0.49 1

1
0.28 0.24 0.58 0.82 0.35 0.74 0.38 I 0.71 -0.62

! I6/5 0.45! 0.24 ! 0.12 0.50 0.26, 0.78 0.93 0.62 0.83 1.24

7/6 -0.50 I 0.81 0.03 0.77 0.63 I 0.62 I 0.86 0.51 I 1.63 0.94

8/7 0.37 0.38 -0.24 0.61 0.25 0.83 I 1.19 1.01 0.67 0.51

9/8 -0.17 I o. 44 o. 79 I O. 32 I o.60 o. 36 I 0.99 0.36 1. 32 1.09

10/9 0.13 0.39 -0.13 I 0.08 1.06 0.65 1.37 0.86 0.93 0.85

11/10 0.04 -0.04 -0.24 0.62 -0.14 0.05 0.99 0.28 0.67 0.74

12/11 1.89 0.18 0.35 0.38 I 0.81 I 1.13 1.37 0.38 I 0.61 0.36

13/12 -1.36 ! -1.51 -0.24 I -0.06 I 0.14 I -0.52 0.23 -0.94 0.82 0.70

14/13 -0.17 I 1.05 -0.01 0.77 0.44 1.47 1.48 0.79 1.89 0.81
I I

15/14 1-0.69 1.02 1.58 0.20 j 0.39 0.30 0.72 0.45 I 4.67

16/15 I 0.41 1

I
2.73 -1.95 1

1

, -2.43 -0·42 I 0.20 1.82 0.19 I 1.40

I,17/16 ,-2.14 0.79 -2.12 2.76 I 2.05 1'1 2.74 I 1.47 1.16 0.37 0.24

I I I i I
1
18/17 ,-0.61 1.04, -0·38 I 1.02 I -0.12 I - I -0.54 -0.51 -1.04 2·59

11~~~::j -::_::_J_::_J :::: J-:: 1_:::;-i-:-:-:0-

5~- :::: I :::: -1-:-:-::--,:::: i
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Table 6. North Sea Sol€.. English data. Estimates of Z from number of each age group per unit effort ( 0"+ ~ ).

~Y~52/5111953/5211954/5311955/541956/55 1957/56 1958/57 1959/58 1960/59 1961/60 1962/61'1963/62 1964/63 1965/64 1966/65 1967/66 1968/67-

372 I -1.74 I -2.58! - -1.05 -3.50 I -3.49 - - -1.79 - - - -2.27 -1.52 -1.82 -1.87
I I

4/3 I 0.80 -0.45 I -0.48 0.07 -1.39 0.50 -0.59 -0.48 -0.23 0.81 ~0.50 -1.89 0.52 -0.84 -0.37 -0.39 -0.73

5/4 I O'<:'i -0.5.. 9 I 0.22 I 0.57 0.38 0.80 -0.03 0.44 0.35 -0.16 0.60 -0.30 1.00 -0.38 -0.01 0.48 0.23
6/5) '0.59 ~.02 l 0.77 0·49 0.49 0·48 -0.55 0.37 0.61 0.60 0.23 I -0.67 2.11 0.11 0.35 0.62 0.21

7/6l ~~ 1~"' __~:06 -0.21 0.99 1.15 1.n 0.68 1.27 1.31 -0.31 -0.19 1.07 0.05 0.17 1.05 0.87

8/7) 0.84 I'-~ I 1.69'-~68 0.26 0.81 -0.12 -0·45 1,13 -0.33 -0.37 0.35 2.03 0.21 0.28 0.55 0.05

9/8~ ~ 0.12~ 1.~'~,~44 1.70 -0.25 0.22 0.84 -0.69 0.57 -0.78 0.70 -0.05 0.41 0.20 0.59

~:~~) ~1" I~ --0Q,2.~1~ -0.51'~, -~::: I -:::; :::: :::: ::~: ::::: ~:;: ~::; ::~: :::: :::
) ,...~ -0.32 ~_ 1.31 '".

12/11) I~ -0.47 ... I ~ .~ 0.81 0.52 -0.49 -0.49 -1.83 1.19 -0.02 0.55 0.78 -0.72
'~"'':;, 0.41 "'~1.04 ~~

.13/12 1.4 ~ . 0.14 '" "'-I--, 0.43 0.25 0.65 -1.27 0.87 0.17 1.12 0.30 0.00
i ~. , ~ 0.56... 1.51 -"

;14/13 0.92 -0.37""~ 1.09 1'" I ", "~0.23 0.64 -0.13 2.27 0.82 -0.13 -0.22 0.63
. I ~~, I,,~ 1.08 ~ -0.90 ~
/15/14 3.03 -1·48 -0.75~ 0.45~ I-1~1~ ~~ -2.05 1.81 -0.08 0.25 0.27 -0.44·

16/15 -0.71 2.99 2.81 1.44 .... ', 0.30 ~I '" 0.08 . 3.51 -0.03 0.13 1.02 0.21
I ~ In~ - ~
117/16 0.10 -0.5l 1.53 -1.19 -0.57'~ 0.69~ ~i'---. _ ~8 -0.25 -0.78 0.77 0.96

118/17 - -0.20 1.48 0.36 0.22 - K 0.16~ ~ 2.6-;-~ -0.64 1.42 -0.43

'I! 19/18 0.55 1.33 -0.11 0.25 -1.15 0.39 I ::-----.....\:__...., - t'--..... 1'-...." N.10 -0.30 -0.46
I ~ - '--... -1.10 ~,

120/19 0.09 -0.37 0.76 1,93 -0.92 0.49 0.39 - , .. - ~...... -0.55 0.83

~~O-::/19+ 1·34 0.32 0.76 0.61 0.77 0.57 0·48 0·39 ~ 0.15 K. 0.4~"" 0.77 0.~~~50
LZ. 5/4+ 0.71 -0.49 0.44 I 0.55 0.10 I 0.69 : 0.08! 0.21 0.58 ! 0.24 0.25 1-0.64 1.60 I 0.01 0.26 0.41 0.21

I

I-'
.p.

I
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Tab1e 7. North Sea Sole. Total numbers (in thousands) af fish caught in each age graupe

i ,
1936 1937' 1938 1939 1940 1941 1942 1943 '1944 I 1945 r 1946 1947 1948 1949 1950l

17 I
16
15

I 14

1

13

1

12

I ~~ I

I
I

1__' _

I

......
\J'1

I

11
6

30
12

10 I
147

36
59
44
24

171
121
308
291
596

19
15

6

11
29
30
47
48
76
27

I

~I
132 1

394\

57
48

2: I

16

34
47
33
20

128
120
241

1 026

9
18
21

7
17

2

o
20
24
o
o

70

8 4 130 213
7 15 351 6 51
6 3. 122 17 26 39

11 20 557 82 23 34
32 44 307 24 139 120

175 148 1 459 58 116 109
17 1 86 1 480 497 124 273
90 I 154 1 974 419 353 345

218 I 95 3 558 574 916 I 1 869
74 I 63 3 039 535 967 I 846

220 I 118
1

3 612 778 1 285 11543
139 59 3 805 693 1 212 I 2 936

1 476 66 5 712 664 1 432 I 2 690
362 0 8 646 1 379 1 132 I 3 506

1 924 0 14089 1 755 2 145 4 568
1 021, 176 1 19953 1 168 5 638 6 757

I 'I 4 000 33 887 4 820 10828 15 616
I 49 703 3 431 19 140 23 949

, I I i 9 296 17 780 23 965

! ._-'-I_..........L-l __L__!.-,. __~l__:.-"._-'1. -'-1__~!._3~_34.J_2 _18_1J

73 128

o I 3
o I 28
4 I 34

34 I 33
20 16
71 39
44 82
38 219

231 79
157

144
4

12\
34
42
11

247
70

187
I

101
o

60
20
24

148
9

203

84
105

42
47

273
204
107

~:! 98 I 14 220 11 I! 23 1\ 16
20! I 43 102 17 24 20
19 120 I 14! 68 115
18 I 27 i 23 138

I 0 I ~~~

9

I 8

I ~ I
5 I I I
4 I I

~ i ! I
1 I ! i

I--._-l..-._-,--_~_

cOlltinued•••
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Tab1e 7. (continued)

I

I-'
0'\

I

2531

1966 ~_ 19681965

5 261
13 123 20 160

3 858 16 556 25 ~~: I

309\
480 . 22 593

1 874 46 990 11 271
583 83 385 23 465
873 130725 26 197
202 46 765 11 788

! 73 I

1962 1963 I 1964
.-1----

I

1961

215 I
403
558

1 026

1 393
2 450

I 590
i I

1960

812
1 399
2 051
3 108
5 094
5 908
8044

I 1 433
I

1959

258
369
740
823

I 2 466
3 753
8 525
6 021

3 954

1958

2 421
4 316
4 386
8 203

11 619
16 133
46 498
57 749
51 802
11 524

1957

215
256
475
610

1 376
2 984
7 698

13 595
25 849
14 851
3 920

19521 1953 1954 1955 1956 .

67
89 92\

44 150 I 1371
99 166 I 415 I 138

403 202 418 I 77 510
170 345 492 291 743 .
699 422 651 268 635
600 1 318 I 763 386 832

1 376 2 034 3 271 753 I 1 403
1 671 3 111 3 684 I 2 142 1 681
1 498 5 318 4 436 4 370 6 214
2 926 5 873 9 080 I 6 399 9 862
2 729 6 815 9 795 10 680 112 847
4 238110010 11 693 12 024 19 920
1 247 13120 I 8 350 8 476 13 076. I

355 382 I 189 1 208 I 2 087

I ! I

20
11

1951

9
8

33
24

220
411

I
636

1 291
1 010
1 184
2 373

7 I 2 923
6 11 948
5 I 5 199
4 7 659
3 8 397
2 0

1 I

Age
20+
20
19
18

17 I
16

I
15 i
14
13
12
11
10

Year
c1ass



•Tab1e 8. North Sea Sole. Estimate of Z using virtual population analysis M= 0.15.

# • {

Year 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1961 1968 1969
l...ge
20+ 0.25 0.25 0.30 0.30 0.31 0.26 0.28 0.28 0.16 0.16 0.16 0.16 0.35 0.33 0.32 0.17 0.38 0.77
20 0.31 0.19 0.32 0.27 0.30 0.26 0.15 0.15 0.15 0.15

1
0

•
11 0.16 0.27 0.22 0.26 0.21 0.54 0.16 0.64

19 0.19 0.26 0.39 0.67 0.18 0.20 0.16 0.15 0.15 0.17 0.15 0.19 0.42 0.22 0.16 0.24 0.18 0.31 0.86
18 0.30 0.21 0.50 0.18 0.16 0.17 I 0.15 0.15 0.15 0.15 0.21 0.23 0.26 0.21 0.45 0.25 0.26 0.47 0·43
17 0.15 0.38 0.30 0.16 I 0.17 0.15 I 0.15 0.16 0.15 0.27 0.20 0.38 0.25 0.27 0.17 0.57 0.76 0.26 0.33
16 0.34 0.23 0.22 0.15 0.15 0.15 0.15 0.15 0.24 0.65 0.82 0.39 0.52 0.20 0.37 0.46 0.39 0.32 1.20
15 0.19 0.15 0.23 0.15 0.15 0.15 I 0.15 0.26 0.23 0.19 0.25 0.39 0.45 0032 0.60 0.27 0.22 0.80 0.42

I
14 0.22 0.17 0.15 0.15 0.16 I 0.15 0.24 0.25 0.32 0.29 0.37 0.32 0.41 0.48 0.80 0.27 0.53 0.63 0.68
13 0.19 I 0.15 0.15 0.16 0.15 0.26 0.21 0.43 0.22 0.42 0.32 0.63 0.99 0.12 0.47 0.43 0.44 0.33 0.64I
12 0.16 0.15 0.15 0.16 0.18 0.18 0.22 0.19 0.31 0.27 0.45 0.35 0.61 0.25 0.46 0.37 0.58 0.55 0.37
11 0.15 0.15 0.15 0.15 0.30 0.31 0.21 0.29 0.28 0.41 0.40 0.65 0.43 0.40 0.36 0.39 0.37 0.33 0.63
10 0.16 0.16 0.15 0.23 0.23 0.17 0.26 0.24 0.32 0.46 0.38 0.32 0.61 0.32 0.39 0.35 0.39 0.61 1.00
9 0.18 0.24 0.31 0.66 0.17 0.28 0.22 0.30 0.34 0034 0.41 0.55 0.61 0.45 0.38 0.36 0.46 0.69 0.62
8 0.35 0.26 0.23 0.15 0.30 0.26 0.24 0.33 0.41 0.37 0.51 0.46 0.65 0.34 0.46 0.47 0.69 0.59 1.01
7 0.32 0.45 I 0.15 0.32 0.26 0.28 0.32 0.37

I
0.29 0.52 0.39 0.67 0.59 0.56 0.44 0.49 0.52 0.81 0.82

6 0.26 . 0.19 0.33 0.21 0.39 0.33 0.26 0.35 0.41 0.47 0.56 0.55 0.70 0.41 0.70 0.49 0.61 0.65 0.77
5 0.67 0.36 0.33 0.45 0.43 0.36 0.29 0.35 0.38 0.55 0.46 0.65 0.60 0.59 0.49 0.61 0.99 0.75 1.35
4 0.37 0.25 0.49 0.43 0.36 0.31 0.36 0.34 0.43 0.46 0.65 0.48 0.68 0.40 0.51 0.29 0.68 0.96 0;91
3 0.35 0.36 0.34 0.32 0.19 0.34 0.25 0.29 0.29 0.33 0.35 0.37 0.38 0.52 0.31 0.59 0.58 0.91 0.59
2 0.18 0.16 0.15 0.16 o.~. 0.17 0.17 0.19 0.18 0.26 0.18 0.21 0.18 0.25 0.28 0.28 0.37 ~.20

:-r:I. Mean 0.27 0.24 0.26 I 0.27 0.23 I0.24 I 0.22 I 0.26 0.28 0.34 0.37 0.40 0.49 0.37 0.42 0.39 0.48 0.54 0•.71I
-l--

I

~
-J

I



~able 9. No~th Sea Sole. Estimate of Z using virtual population analysis M = 0.10.

• 11 f

Year 1951 1952 1953 1954 1955 1956 11957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969_
Age

1 0 •20

I

I 0.20 1 0•2520+ 0.25 0.26 0.21 0.23 0.23 0.11 0.11 0.11 0.11 0.30 0.28 0.27 0.12 0033 0.72
20 0.33 0.14 I 0.28 0.22 0.25 0.21 0.10 0.10 0.10 0.10 0.12 0.11 0.22 0.18 0.22 0.17 0.51 0.11 0.59
19 0.14 0.21 I 0.36 0.66 0.14 0.16 0.11 0.10 0.10 0.12 0.10 0.14 0.39 0.18 0.11 0.20 0.13 0.26 0.81
18 0.27 0.17 0.48 0.14 0.12 0.12 0.10 0.10 0.11 0.10 0.16 0.19 0.22 0.17 0.43 0.22 0.21 0.44 0.38
17 0.10 0.35 0.27 0.12 0.12 0.10 0.10 0.11 0.10 0.24 0.16 0.37 0.22 0.23 0.13 0.56 0.75 0.22 0.28
16 0.31 0.20 0.19 0.11 0.10 0.10 0.10 0.10 0.21 0.68 0.86 0.39 0.53 0.16 0.35 0.43 0.36 0.28 1.15
15 0.14 0.10 0.20 0.11 0.10 0.10 0.10 0.24 0.19 0.15 0.23 0.38 0.48 0.29 0.59 0.24 0.17 0.77 0.37

1
14 0.20 0.12 0.10 0.10 0.11 0.10 0.22 0.22 0.30 0.28 0.36 0.32 0.41 0.47 0.83 0.23 0.50 0.60 0.63
13 0.16 0.10 0.11 0.11 0.10 0.25 0.18 0.43 0.19 0.41 0.32 0.65 1.02 0.73 0.47 0.41 0.41 0.29 0.59
12 0.11 0.10 0.10 0.11 0.14 0.14 0.18 0.15 1 0•29 0.25 0.44 0.32 0.60 0.21 0.44 0.35 0.56 0.51 0.32
11 0.10 0.10 0.11 0.10 0.30 I 0.29 0.18 0.27 0.27 0.40 0.38 0.65 0.43 0.38 0.33 0.37 0.33 0.29 0.58
10 0.12 0.11 0.10 0.21 0.20 0.13 0.24 0.22 0.30 0.45 0.36 0.30 0.62 0.30 0.37 0.32 0.36 0.58 0.95

I 9 0.15 0.24 0.31 0.73 0.13 I 0.26 0.19 0.28 0.32 0.32 0.42 0.55 '0.63 0.45 0.36 0.33 0.43 0.66 0.57
8 0.40 0.25 0.20 0.10 0.29 0.25 0.21 0.31 0.40 0036 0.51 0.45 0.66 0.32 0.46 0.46 0.67 0.56 0.96
7 0.33 0.47 0.10 0.32 0.25 0.26 0.30 0.36 0.27 0.52 0.38 0.68 0.61 0.56 0.43 0.46 0.50 0.78 0.77
6 0.24 0.16 0.33 0.18 0.41 ' 0.32 0.23 0035 0.39 0.47 0.56 0.56 0.72 0.40 0.70 0.47 0.58 0.32 0.72
5 0.89 0.31 0.36 0.48 0.44 0.35 0.27 0.34 0.37 0.54 0.46 0.65 0.61 0.58 . 0.48 0.59 0.99 0.73 1.30
4 0.38 0.24 0.51 0.44 0.36 0.30 1 0•35 0.32 0.41

1
0

•
45 0.65 0.41 0.68 0.39 0.49 0.25 0.66 0.94 0.86,

0.563 0.37 0.35 0.33 0.31 0.15 0.33 0.22 0.26 0.26 0.30 0.33 0.35 0.37 0.52 0.28 0.57 0.89 0.54

I 2 0.13 0.12 0.10 0.11 0.11 0.10 0.12 0.12 0.14
1

0 •21 0.22 0.14 0.17 0.13 0.22 0.24 0.24 0.34 0.15
I

iMean~ i 0.21 0.24 0.25 10.20 0.21 0.19 0.23 0.25 10.33 0.36 0.39 0.49 10.35 10•40 0036 0.45 0.50 O~~II
~
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Tab1e 10. Relative strengths of year-c1asses of North Sea Sole as
3 year-01d fish? estimated from virtua1 population
analysis •

3 119

323

415

84

64

3 934

609

914

287

863

668

162

413

2 689

287

1954

1953

1951

1952

1956

1951

1955

216

288

173

632

115

851

3 844

4 430

1 186

561

2 913

130

167

333

95

288

202

131

113

158

3 037

504

405

542

2 696

4 694

343

1 684

1958

1959

1960 359

1961 75

1962 56

1963 3 622

1964 750 802

1965 251 262

1966 593 601 i

61-4 694 i 93-1 186 Range --5-6--3-62-2-+--64--3 9~4 ._,
. J ....:.!- .__..l- .!....- -l

1945

1946

1941

1931

1942

1943

1944

1941

1938

1939

1940

1933

1934

1935

1936

Range
---------~-

.f 13ack-ca1cu1ated estima"-t-e-s-----,,-II---A-c-tu-a-1-e-s-t-ima-t-es-a-s-3-ye-ar--o-1-d-s-o-1-eI'
11-y,-e-ar--c-1-a-SS~---P-OP-U-1-at-i-o-n-s--i-z._e-_-_-=4-II__y_ear_-_c1_a_S_S-+- P_o-=--pu~at~on Si_~'__1

j--_M_=__0•.:...:..1...:..0---f1_...:..M~=-=0:.....:.•.=.;15~.1 M= 0.10 l- M= 0.15_.

1931 136 I 205 I 1948 411 I 561 !
1932 1 436 2 211 1949 849 I 1 026 I

61 93 1950 1 216 1 414 I

585 I
379 i

801 I
935 I
712 i

I
1 079 I

981 '

_1

•

L
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